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before Learning
Is a full night of sleep a waste of time? No, numerous studies show
dramatic performance impairments after sleep restriction, and a new
study now indicates that sleep deprivation diminishes the brain’s ability
to form new memories.Reto Huber
Sleep takes up a large fraction
of our life. It is ubiquitous,
having been found in every
species investigated, including
invertebrates such as the fruit fly
[1,2]. Moreover, it is tightly
regulated — sleep pressure (or
sleep need) increases the longer we
stay awake, and becomes
overwhelming after prolonged
sleep deprivation [3]. The brain
certainly suffers from lack of sleep,
indicating that this behavioral
state must serve some essential
neurobiological process [4,5].
We also know by now that,
during sleep, the brain does
not shutdown. On the contrary,
it shows orchestrated and
well-defined patterns of activity [6].
Indeed, non-rapid-eye-movement
(nonREM) sleep, which represents
about 80% of human sleep, is
characterized by slow wave
activity (0.5–4.5 Hz) in the
electroencephalogram (EEG).
Slow wave activity is a reliable
electrophysiological marker of
sleep need that increases on a
global level with time spent awake
and decreases during sleep [3]. But
although we know a lot about the
regulation of sleep, we still do not
understand its functions.
In recent years, evidence has
accumulated for a relationship
between sleep and the remodeling
of neuronal connections [7]. In
particular, neural activity during
nonREM sleep seems to promote
brain plasticity [8,9]. In line with
these findings, nonREM sleep has
been linked to learning processes
in developing animals [10] and
memory consolidation in adult
humans [11]. A recent study by Yoo
et al. [12] adds some significant
new evidence for this. Those
researchers found that one night
without sleep impairs memory
acquisition the day after; they alsoobtained brain imaging data which
link this impairment to reduced
activity in the hippocampus, a brain
region critically involved in specific
learning paradigms.
In the experiment the
researchers studied two groups
of young adults. A first group
stayed awake for one night before
watching a slide show, at 6 pm,
of 150 non-emotional slides
presented through special LCD
goggles, while their brains were
scanned using functional magnetic
resonance imaging (fMRI). The
control group spent a normal night
at home with no sleep restrictions
before undergoing the same
procedure as the sleep deprived
group. After the slide show, all 28
subjects went home to sleep, with
no sleep restrictions. The following
evening the participants took a pop
quiz on the slides they had seen 24
hours earlier; 75 new slides were
randomly mixed with the original
150 slides and presented one by
one on a computer screen.
Immediately after each image,
participants had to indicate
whether they had seen it before.
Yoo et al. [12] found that those
participants who had been sleep
deprived on the first night
performed worse compared to the
control group — even though they
had had a night to catch up on their
sleep. By contrasting the fMRI data
obtained during the initial viewing
of the slides, the authors were able
to attribute the impaired memory
performance in the sleep deprived
group to a deficit in hippocampal
activity. Interestingly, the
hippocampal complex, lying deep
under the frontal cortex, is a region
known to be critically involved in
short term memory such as
learning of new episodic memories
like memorizing pictures.
No doubt these findings are
intriguing, again pointing to the
importance of sleep for learningand memory. Specifically, they
demonstrate that the absence of
prior sleep seems to compromise
the formation of new memories.
Furthermore, they provide, for the
first time, neuroanatomical
evidence for where the deficit in the
ability to form new memories
without sleep is coming from. But
what could this hippocampal
impairment reflect?
Yoo et al. [12] mention two
possible explanations for the
hippocampal impairment. The first
one is that ‘‘the process of sleep
deprivation results in the
accumulation of biological factors
that actively inhibit neural function
and, as a result, comprise
task-related hippocampal
encoding ability’’ [13]. The second
possibility is that ‘‘the prolonged
period of wakefulness results
in ongoing memory encoding
that surpasses the proposed
short-term storage capacity of
the hippocampus’’ [14]. Both
explanations relate to the awake
brain — the state in which the
authors observed differences in
brain activity. Another question is
though, what is going on during
sleep that prevents the above
obstructive processes occurring
during wakefulness?
A recently proposed hypothesis
about the function of sleep could
provide a satisfactory explanation
and is congruent with the results of
the work of Yoo et al. [12]. The
synaptic homeostasis hypothesis
of Tononi and Cirelli [15,16] states
that sleep is the price we pay for
plastic changes occurring during
wakefulness. During wakefulness,
we interact with the environment
and acquire information about it.
More specifically, according to
the hypothesis, plastic changes
occurring during wakefulness
would result in a net increase of
synaptic strength. Increased
synaptic strength can be measured
as increased excitability of cortical
neurons when stimulated, and is
the major candidate synaptic
mechanism underlying learning
and memory formation [17]. A key
functional corollary of the
hypothesis is that, due to the net
increase in synaptic strength,
waking plasticity has a cost in
terms of energy requirements,
Evolutionary Biology: Variation
Isn’t Always Sexy
A recent study has found that differences in a male trait,
considered a textbook example of sexual selection, are in fact due
to naturally selected variation in the aerodynamic optimum for
each individual.
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The trouble with Darwinian
sexual selection is that it
appears to contradict
predictions of Darwinian natural
selection: sexually
selected traits are considered to
be costly, while naturally
selected traits are considered to
be beneficial in terms of
survival-related fitness [1,2].
Both are predicted to increase
the lifetime reproductive
success of individuals.
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progressively saturates our
capacity to learn. This is in
agreement with the way Yoo et al.
[12] interpret their results.
The second part of the
hypothesis brings sleep into play.
During sleep, slow waves start to
emerge and become more frequent
and of larger amplitude the deeper
we fall asleep. Such slow waves,
even though mainly a cortical
phenomenon, seem to persist also
in the hippocampus [18]. The
synaptic homeostasis hypothesis
now predicts that the amount of
slow waves, quantified as slow
wave activity, is reflecting synaptic
strength. Thus, the increase of slow
wave activity after wakefulness
would be a direct reflection of
strengthening of synapses. Slow
wave activity during sleep is not,
however, just an epiphenomenon
of increased synaptic strength,
but has a role to play. It causes
the downscaling of synapses:
a generalized decrease in synaptic
strength that recalibrates neural
circuits [19]. Such synaptic
downscaling would be reflected in
the well-known progressive
decrease of slow wave activity
during an ordinary night of sleep,
gradually reducing synaptic
strength and returning it to an
appropriate baseline level. Again,
the key functional corollary is
that synaptic downscaling has
benefits in terms of energy and
space requirements and, due to
increased signal-to-noise ratios, in
terms of learning and memory.
Thus, when we wake up, neural
circuits do preserve a trace of
previous experiences, but are kept
efficient at a recalibrated level of
synaptic strength, and the cycle
can begin again.
The synaptic homeostasis
hypothesis is based on a large
number of observations at
many different levels, from
molecular and cellular biology to
systems neurophysiology and
neuroimaging [15,16]. Thus,
according to the hypothesis, to
preserve, in the long run, the ability
to acquire new information, we
need to entertain a healthy balance
between wakefulness and sleep. In
that respect the new work of Yoo
et al. [12] provides a very important
piece of information, namely thatmemory networks, as is the
hippocampal complex, seem to be
susceptible to even one night of
sleep deprivation. Particularly
today this could be an important
conclusion because many people
do not get enough sleep.
Accordingly, Walker’s team calls
their findings ‘‘worrying
considering society’s increasing
erosion of sleep time.’’
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